A spectroscopic analysis has been undertaken for the B-type multiple systems (excluding those with supergiant primaries) in the VLT-FLAMES Tarantula Survey (VFTS). Projected rotational velocities, v e sin i, for the primaries have been estimated using a Fourier Transform technique and confirmed by fitting rotationally broadened profiles. A subset of 33 systems with v e sin i≤ 80 km s −1 have been analysed using a TLUSTY grid of model atmospheres to estimate stellar parameters and surface abundances for the primaries. The effects of a potential flux contribution from an unseen secondary have also been considered. For 20 targets it was possible to reliably estimate their effective temperatures (T eff ) but for the other 13 objects it was only possible to provide a constraint of 20 000≤T eff ≤26 000 K -the other parameters estimated for these targets will be consequently less reliable. The estimated stellar properties are compared with evolutionary models and are generally consistent with their membership of 30 Doradus, while the nature of the secondaries of 3 SB2 system is discussed. A comparison with a sample of single stars with v e sin i≤ 80 km s −1 obtained from the VFTS and analysed with the same techniques implies that the atmospheric parameters and nitrogen abundances of the two samples are similar. However, the binary sample may have a lack of primaries with significant nitrogen enhancements, which would be consistent with them having low rotational velocities and having effectively evolved as single stars without significant rotational mixing. This result, which may be actually a consequence of the limitations of the pathfinder investigation presented in this paper, should be considered as a motivation for spectroscopic abundance analysis of large samples of binary stars, with high quality observational data.
Introduction
The quantitative analysis of the spectra of early-type stars provides a powerful tool for understanding their formation and evolution. With the development of both observational and theoretical techniques is has been possible to move from the pioneer-
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A&A proofs: manuscript no. VFTS_low_vsini_binary_ref for example , Maeder 2009; Langer 2012) . This includes the importance of rotation in both the evolution of the star Hirschi et al. 2004 ) and in the mixing of nucleosynthesised material to the stellar surface (Maeder 1987; Frischknecht et al. 2010) . Additionally, mass loss can be significant, particularly for more luminous stars and in metal-rich environments Mokiem et al. 2007 ) and this can effect their evolution (Chiosi & Maeder 1986 ). More recently it has been recognised that magnetic fields (Donati & Landstreet 2009 ) can affect the internal structure and rotation profile, which in turn can affect chemical mixing. For example, Petermann et al. (2015) discuss the effects of magnetic fields on the mixing between a stellar core and its envelope. Additionally stellar oscillation modes or internal gravity waves (Aerts et al. 2014 ) could be important. These developments have allowed the generation of extensive grids of evolutionary models (see, for example, Brott et al. 2011a; Ekström et al. 2012; Georgy et al. 2013) , which have been used to synthesize stellar populations for comparison with the results from large-scale surveys (Brott et al. 2011b; Grin et al. 2016) . Most quantitative analyses of stellar spectroscopy have implicitly or explicitly assumed that their targets have evolved as single stars. However, it has recently become apparent that most early-type stars are in binary systems (Mason et al. 2009 ). For example, Sana et al. (2012) estimated an intrinsic binary fraction of 0.69±0.09 for Galactic O-type systems, with a strong preference for closely bound systems. Other Galactic studies include Kobulnicky et al. (2014, binary fraction with periods less than 5000 days of approximately 0.55), Mahy et al. (2009, lower limit of 0.17 for O-type systems), Mahy et al. (2013, 0-0.33 for O-type systems) and Pfuhl et al. (2014, 0.30 +0.34 −0.21 for Otype systems). In the Large Magellanic Cloud (LMC), Sana et al. (2013) estimated a fraction of 0.51±0.04 for the O-type stellar population of the 30 Doradus regio observed in the VLT-FLAMES Tarantula survey (VFTS; Evans et al. 2011b , hereinafter Paper I). Additionally Dunstall et al. (2015) inferred a similar high fraction (0.58±0.11) for the B-type stellar population in the same survey.
The above estimates are for the current intrinsic fraction of binary systems. Theoretical simulations (de Mink et al. 2014) imply that a significant fraction of massive stellar systems (typically ∼8%) might be the products of stellar mergers. In turn this would imply an even higher fraction (∼19%) of currently single stars have previously been in a binary system. For example, de Mink et al. (2014) discuss the possibility that the higher fraction of binaries found in young Galactic O-type stars (Sana et al. 2012) than in the VFTS sample ) might be due to stellar evolution and binary interactions having modified the intrinsic binary fraction of the latter. Although there remains some uncertainty in the intrinsic binary fractions (as a function of age and metallicity) and in the relative importance of the diverse evolutionary channels available to binary systems, it is clear that binarity must play a central role in the evolution of early-type stars.
Given the above, it may appear surprising that there have been few quantitative analyses of the spectra of early-type binaries (see Sect. 4.4) . This probably reflects the difficulty of identifying and observing binary systems and also the additional complexity of allowing for the flux contributions of the secondaries. Although methods exist for disentangling the components in high-quality spectroscopy of SB2 systems (see, for example, González & Levato 2006; Howarth et al. 2015) , these are not readily applicable to SB1 systems or to spectroscopy with moderate signal-to-noise ratios.
Here we present what we believe to be the first modelatmosphere analysis of a significant sample of B-type spectroscopic binaries that are not supergiants. These were taken from the binary sample identified in the VFTS but were limited to those stars with relatively narrow metalabsorption lines in order to facilitate their analysis. We emphasize that, given the complexities of modelling the spectra of binary systems and the biases in our sample, this should be considered as a pathfinder analysis, although we believe that the scientific results will still be useful in constraining theoretical models.
The observational data are discussed in Sect. 2 and the analysis in Sect. 3. Results are discussed in Sect. 4, which contains a comparison with a sample of apparently single stars from the same survey.
Observations
As described in Paper I and McEvoy et al. (2015) , the Medusa mode of FLAMES (Pasquini et al. 2002) was used to collect the VFTS data. This uses fibres to observe up to 130 sky positions simultaneously with the Giraffe spectrograph. FLAMES has a corrected field-of-view of 25 ′ and hence with one telescope pointing, we were able to observe stars both in the local environs of 30 Doradus as well as in the main body of the H II region. Nine Medusa fibre configurations (Fields 'A' to 'I' with an identical field centre) were employed to obtain our sample of approximately 800 stellar objects. Two standard Giraffe settings were used, viz. LR02 (wavelength range from 3960 to 4564Å at a spectral resolving power of R∼7 000) and LR03 (4499-5071Å, R∼8 500). Details of target selection, observations, and data reduction have been given in Paper I.
Sample selection
The B-type candidates identified in Paper I and subsequently classified by Evans et al. (2015) were analysed by Dunstall et al. (2015) using a cross-correlation technique. Eleven supergiant and 90 lower-luminosity targets with radial-velocity variations that were both statistically significant and had amplitudes larger than 16 km s −1 were classified as binary.
1
A further 17 supergiants and 23 lower-luminosity targets were classified as 'RV variables' by Dunstall et al. (2015) ; we exclude those targets as their radial-velocity variations may not be due to binarity.
The supergiants have been discussed by McEvoy et al. (2015) and will not be considered further here. Projected rotational velocities (v e sin i) have been estimated for the primaries of the remaining 90 binary candidates, using similar techniques to those adopted by Dufton et al. (2013) . Details of the methodology are provided in Appendix A, whilst the estimates are given in Tables 2 and 3 (only available online) . These have a similar format to the online Tables 3 and 4 in Dufton et al. (2013) .
A quantitative analysis of all these binaries including those with large projected rotational velocities would be possible in principle. However, because of the moderate signal-to-noise (S/N) ratios in our spectroscopy, the atmospheric parameters would be poorly constrained (in particular, effective temperatures -see Sect. 3.2). In turn this would lead to nitrogen abundance estimates that had little diagnostic value. Hence for the purposes of this paper we have limited our sample to the subset of binaries with relatively small projected rotational velocities.
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The thirty-seven binaries with projected equatorial rotational velocities v e sin i ≤ 80 km s −1 are listed in Table 1 , along with their spectral types Walborn et al. 2014 ) and typical S/N ratios and observed range of radial velocity variations, ∆v r . As the LR02 wavelength region 4200-4250Å should not contain strong spectral lines, our S/N ratios were estimated from that region. We should consider these as lower limits, however, as weak absorptions lines could have an affect (especially for higher S/N ratios). S/N ratios for the LR03 region were normally similar to or slightly smaller than those for the LR02 region (see, for example, McEvoy et al. 2015 , for a comparison of S/N ratios in the two spectral regions). The estimates of ∆v r will be related to the amplitude of the primary's radial velocity variations (depending on the sampling of the orbit they will be similar to but generally lower than twice the amplitude) and hence provide insight into whether the systems are tightly bound.
Four targets proved resistant to quantitative analysis (see Sect. 3.1), leaving 33 for which a detailed study could be undertaken. For the most part, these are single-lined (SB1) systems as far as our data are concerned; only three targets, discussed in Sect. 4.1, show any direct evidence for a secondary spectrum.
Data preparation
Data reduction followed the procedures discussed in Evans et al. (2011b) and Dufton et al. (2013) . Because of the radial-velocity variations between epochs, care had to be taken when combining exposures. We undertook numerical experiments (discussed in Appendix A) to estimate the maximum range (∆v r ) in radialvelocity measurements before the estimation of the projected rotational velocity became compromised. For slowly rotating targets, this was found to occur at ∆v r ≃ 30 km s , and this should also be an appropriate range for a model-atmosphere analysis. Hence for targets with ∆v r ≤ 30 km s
we combined all usable exposures for the LR02 spectra, without applying any radialvelocity shifts, using either a median or weighted σ-clipping algorithm. The two methods gave final spectra that were effectively indistinguishable. Using only exposures from a single epoch (with effectively constant radial velocity), gave comparable but lower S/N ratio results.
For those stars with greater values of ∆v r most of the treatment was the same, except that either (i) spectra were shifted to allow for radial-velocity variations prior to being combined, and/or (ii) spectra from the highest S/N ratio LR02 epoch and additional epochs with radial velocities within ±15 km s −1 were combined. The latter procedure minimised the effects of nebular contamination, whilst the former led to higher S/N ratios.
The time cadence for the LR03 exposures are listed in Tables A.1 and A.2 in the Appendix of Paper I. For five of the Medusa fields all the exposures were taken within a period of 3 hours, whilst for two other fields the spectroscopy was obtained on consecutive nights. For Field F, there was an additional observation separated by 55 days from the other six exposures but this exposure was not included in the reduction. Hence for these eight fields, simply combining exposures should be adequate, especially as no significant radial-velocity shifts (i.e., greater than 30 km s −1 ) were observed in LR02 exposures taken on the same or consecutive nights.
For Field I (containing eight targets: VFTS 017, 018, 278, 534, 575, 742, 850, 874) , one set of LR03 exposures was separated from the others by 8 days. One target was not analysed (VFTS 278; see Sect. 3.1) but for the other seven targets Evans et al. 2015) , estimated projected rotational velocity (v e sin i), typical signal-to-noise (S/N) ratios for the LR02 region (which have been rounded to the nearest multiple of five) and observed ranges of radial velocity variations of the primary, ∆v r . The SB2 or SB2? classifications have been updated on the basis of the discussion in Sect. 4.1. Also listed are the estimates of the luminosities discussed in Sect. 4.3, apart from the 4 stars that were not analysed using model atmosphere techniques. and hence the individual exposures for these targets were again combined without any wavelength shifts.
Model-atmosphere analyses

Methodology
We employed model-atmosphere grids calculated with the tlusty and synspec codes (Hubeny 1988; Hubeny & Lanz 1995; Hubeny et al. 1998; Lanz & Hubeny 2007) . They cover a range of effective temperature, 10 000K ≤T eff ≤35 000K in steps of typically 1 500K. Logarithmic gravities (in cm s . As discussed in Ryans et al. (2003) and Dufton et al. (2005) , equivalent widths and line profiles interpolated within these grids are in good agreement with those calculated explicitly at the relevant atmospheric parameters.
These codes adopt the 'classical' non-LTE assumptions, i.e. plane-parallel atmospheres and that the optical spectrum is unaffected by winds. As the targets considered here have luminosity classes III-V, such an approach should provide reliable results. These models assume a normal helium to hydrogen ratio (0.1 by number of atoms). The validity of this will be considered in Sect. 4.4.1. Grids have been calculated for a range of metallicities (see Ryans et al. 2003; Dufton et al. 2005 for details) with that for an LMC metallicity being used here.
For four targets (VFTS 097, 240, 278, 305) , the Si iii spectra could not be reliably measured, thereby precluding estimation of the microturbulence (and also, when the He ii spectrum was absent, the effective temperature); these stars were excluded from the analysis. Another 13 targets had no observable Si ii, Si iv or He ii features in their spectra, leading to uncertainties in their effective-temperature estimates of more than ±2000 K (see Sect. 3.2 for details of methodology). These were initially excluded from our analysis on the basis that their atmospheric parameters (and hence nitrogen abundances) would be unreliable. However, the N ii lines have a maximum strength at the atmospheric parameters appropriate to these stars. This leads to the nitrogen abundance being relatively insensitive to the choice of atmospheric parameters. Hence these stars have been analysed using a modified methodology as discussed in Sect. 3.7.
For our targets, there will be an indeterminate flux contribution from the fainter secondary. To investigate the possible effects of this on our analysis, we assume that the secondary contributes 20% of the light via a featureless continuum, just as in McEvoy et al. (2015) . We have chosen this value as contributions larger than this should become apparent in the secondary spectrum (but see the discussion in Sect. 4.1). A simple continuum was adopted for convenience and also because structure in the secondary spectrum (e.g. in the Balmer lines) would normally mitigate its effect. This analysis used the same methodology to that discussed below apart from the equivalent widths and hydrogen and helium line profiles having been rescaled; this approach was used previously by McEvoy et al. (2015) ; Dunstall et al. (2011) , where more details can be found.
Due to the interdependence of the estimation of the effective temperature, surface gravity, microturbulence, and chemical abundances, an iterative process was adopted as discussed below.
Effective Temperature
Effective temperatures (T eff ) were initially constrained by the silicon ionisation balance, using microturbulence estimates from the absolute silicon abundance (method 2 discussed in Sect. 3.4). The equivalent widths of the Si iii triplet (4552, 4567, 4574Å) were used in conjunction with those of either a Si iv line (4116Å) for the hotter systems, or a Si ii doublet (4128, 4130 Å) for the cooler ones. For some systems, neither the Si ii nor the Si iv lines were observable; in these cases, upper limits were set on their equivalent widths, allowing limits for the effective temperature to be estimated. Stars, where the uncertainty in the T eff estimates was greater than ±2000 K, were excluded from this analysis but are discussed further in Sect. 3.7. : T eff estimates from absence of Si ii and Si iv lines.
Where He ii lines were present in the spectrum, two independent effective temperature estimates were made from fitting the line profiles of the features at 4541 and 4686Å (with the theoretical profiles being convolved with the instrumental profile and with a rotational broadening function), assuming gravities estimated from the hydrogen line profiles (see Sect. 3.3) and a normal helium to hydrogen abundance. The latter assumption is considered further in Sect. 4.4.1. All the effective temperature estimates are summarised in Table 2 for the assumption that the secondary contributed no flux; the estimates assuming that the secondary contributed 20% of the flux were generally higher by 500-1000 K, as can be seen from Table 3 .
Generally the estimates from the silicon and helium spectra were in good agreement, with the difference being 1 000 K or less (see Table 2 ). This is consistent with the S/N ratios of our spectroscopy (see Table 1 ), which lead to formal uncertainties in our equivalent widths estimates of typically less than 10%. We have therefore adopted a stochastic uncertainty in our effectivetemperature estimates of ±1 000 K.
Surface Gravity
The observed hydrogen Balmer lines profiles, Hγ and Hδ, were compared to theoretical profiles (again convolved to allow for the instrumental profile and stellar rotation) in order to estimate the logarithmic surface gravities (log g; cm s −2 ); further details can be found in, for example, McEvoy et al. (2015) . These estimates are summarised in Table 2 for the assumption that the secondary contributed no flux; the estimates assuming that the secondary DRAFT --DRAFT --DRAFT --DRAFT --DRAFT -R. Garland et al.: B-type Main-Sequence Binaries in the Tarantula Nebula contributed 20% of the flux are larger by between 0.1-0.3 dex (mainly due to the observed hydrogen line profiles being deeper) as can be seen from Table 3 .
Estimates derived from the Hγ and Hδ lines generally agreed to ±0.1 dex. Factoring in other uncertainties, such as normalisation errors and possible errors in the line broadening theory, a conservative error estimate of ±0.2 dex has been adopted (note that the estimates are quoted in the Tables to the nearest 0.05 dex, i.e. two significant figures, in order to illustrate the effects of the secondary flux contribution).
Microturbulence
By eliminating any systematic dependence of abundance estimates on line strength, we can estimate the microturbulent velocities (v t ). To do this, we used the equivalent widths of the Si iii triplet (4552, 4567 and 4574Å) because it is present in almost all of our spectra. All three lines are from one multiplet, which has the advantages that their relative oscillator strengths should be reliable, whilst non-LTE effects should be similar for each line. The only other choice for estimating the microturbulence, given our wavelength coverage, would have been to use the rich O ii spectra. However as discussed by Simón-Díaz et al. (2006) and Simón-Díaz (2010) , this approach has several complications. Firstly many of the lines are blended, leading Simón-Díaz et al. (2006) to reject over half the features they identified. Secondly, errors in the adopted oscillator strengths or in the non-LTE effects for different multiplets can lead to systematic errors. A third difficulty specific to our observational dataset was that the O ii spectrum was weak in our coolest targets and was not therefore a sensitive diagnostic for the microturbulence.
Our methodology is illustrated in Fig. 1 for VFTS 225. As can be seen the slope of the least squares fit of the abundance estimates against equivalent widths is relatively insensitive to the choice of microturbulence. Therefore errors in the equivalent widths estimates can lead to significant errors in the estimation of the microturbulence, especially when the lines lie close to the linear part of the curve of growth (see, McEvoy et al. 2015; Dufton et al. 2005; Hunter et al. 2007 , for more details). The method also requires that all three lines be observed reliably, which was not always the case with the current dataset. Additionally, large microturbulence values were obtained for VFTS 534 and VFTS 850, which appeared inconsistent with their derived gravities.
Therefore the microturbulence estimates were also obtained by ensuring that the silicon abundance is consistent with the LMC's metallicity, since this element should not be significantly affected by nucleosynthesis in our targets (see, for example, Brott et al. 2011a) . A value of 7.20 dex was adopted as found by Hunter et al. (2007) using similar analysis methods and observational data to those conducted here. Previous investigations of early-type stars in the LMC have found similar values, with for example Korn et al. (2002 Korn et al. ( , 2005 finding respectively 7.10±0.07 dex in 4 narrow lined (near) main sequence targets and 7.07 dex (with uncertainties in the individual measurements of ±0.3 dex) for 3 broad lined targets.
To investigate the sensitivity of our estimates to the adopted silicon abundance, we considered the effect of reducing our adopted silicon abundance to 7.1 dex. This led to a typical increase of 1 km s −1 with a maximum increase of less than 2 km s −1 . Additionally Fig. 1 confirms that absolute silicon abundance estimates are sensitive to the choice of the microturbulence (the silicon abundance estimate changing from approximately 7.7 dex to 7.2 dex as the microturbulence is increased from 1 to 5 km s −1 ), making this potentially a reliable method for estimating this quantity.
Estimates using the two methodologies are summarised in Table 2 for the assumption that the secondary contributed no flux; the estimates assuming that the secondary contributed 20% of the flux are generally larger by 2-5 km s −1 as can be seen from Table 3 .
Some systems were found to have a maximum silicon abundance (obtained at v t = 0 km s
) below the adopted LMC value; furthermore, removing the variation of the abundance estimates with line strength was not always possible. These effects were mitigated by allowing a flux contribution from a secondary (see Table 3 ). However, both McEvoy et al. (2015) and Hunter et al. (2007) found similar effects for a number of their (presumably single) targets, with the latter discussing possible causes in some detail. In these instances, we have assumed the best-estimate microturbulence (i.e., zero).
For other targets we adopted an equivalent-width uncertainty of ±20%, normally translating to variations of up to ∼5 km s −1 for both methods. Such uncertainties are consistent with the differences between the estimates using the two methodologies. Only in three cases do these differ by more than 5 km s −1 and in two of these the estimates from relative strength of the Si iii multiplet (method 1 in Table 2 ) appear inconsistent with the relatively high surface-gravity estimates. Hence a reasonable estimate for the uncertainty in the microturbulence estimates is ±5 km s −1 . Table 3 summarises the adopted atmospheric parameters. The parameters are provided for the two different assumptions concerning the secondary flux contribution, viz. the primary star supplies all the observed radiative flux or that 20% of the continuum flux is from the secondary. Microturbulence estimates were from the requirement of a normal silicon abundance (method 2 in Table 2 ).
Adopted atmospheric parameters
Magnesium abundances could be independently estimated from the equivalent width of the Mg ii doublet at 4481Å. This element should not be affected by nucleosynthesis in (near) mainsequence stars. Hence it could be used to validate our adopted DRAFT --DRAFT --DRAFT --DRAFT --DRAFT -A&A proofs: manuscript no. VFTS_low_vsini_binary_ref atmospheric parameters by comparing estimated abundances to the baseline LMC value (7.05 dex, as found by Hunter et al. 2007 ).
The mean (and standard deviations) of these magnesium abundance estimates was 6.95±0.15 dex (no secondary flux contribution) and 7.08±0.15 dex (20% secondary flux contribution). These are both in reasonable agreement with the baseline LMC abundance and indeed are consistent with the secondary flux contributions being within the range considered.
Nitrogen Abundances
The singlet transition at 3995Å is normally the strongest N ii line in the LR02 and LR03 spectral regions and appears unblended (see, for example Hunter et al. 2007; McEvoy et al. 2015) . Therefore estimates of its equivalent width together with a curve of growth approach were used as our primary estimator of nitrogen abundances. Surprisingly this transition was only observable in five of our systems; by contrast it was observed in approximately 50% of the equivalent single-star sample analysed by Dufton et al. (in prep.) . For all of the other B-type binaries, we set an upper limit on the equivalent width using their methodology. Briefly, the equivalent widths of weak metal absorption lines were measured in VFTS spectra with different S/N ratios and projected rotational velocities. These were then used to infer the upper limit of the N ii line in a binary spectrum with a given S/N ratio and projected rotational velocity.
Three of the five systems where the N ii 3995Å line was observed also showed the N ii line at 4630Å (other weaker components of this triplet-triplet multiplet could not be identified). VFTS 575 and VFTS 850 yielded nitrogen abundance estimates which agreed to within 0.1 dex, while VFTS 723 agreed to within 0.3 dex.
Estimates and upper limits of the chemical abundances are also affected by the errors in the atmospheric parameters. For further discussion of this, see Hunter et al. (2007) and Fraser et al. (2010) . As in McEvoy et al. (2015) , we conservatively adopt a typical uncertainty of 0.2-0.3 dex, which does not include any systematic errors inherent in the adopted models or the secondary flux contribution.
We validated these nitrogen abundance estimates by extracting theoretical spectra from our grid using the parameters in Table 3. We have considered both a 0% and 20% contribution from the secondary, with for the latter the theoretical spectrum being scaled. In general there was a good agreement between the theoretical (convolved to allow for instrumental and rotational broadening) and observed spectra and Fig. 2 shows some examples. For two systems (VFTS 534 and 662), the comparison indicated that their maximum nitrogen estimates could be up to 0.1-0.2 dex larger than those listed in Table 3 .
Figure 2 also shows the He i line at 4009Å. Assuming a normal helium abundance, this can be used as a further check on the atmospheric parameters. For VFTS 575, good agreement between theory and observation is found with a small secondary flux contribution, whilst for VFTS 589 a significant contribution is implied (this star was classified as SB2 and is discussed further in Sect. 4.1).
This consistency check was also carried out for the other eighteen targets and generally good agreement was found between theory and observation. An attempt was also made to characterize the amount of secondary contamination and the targets have been divided into three groups, viz, those where the contamination appeared small, those where the secondary flux con- tamination appeared to be approximately 20% and those where the contamination lay between 0 and 20%. For some stars, the comparison was complicated by there being evidence of nebular emission in the centre of the He i lines that had not been totally removed by the sky subtraction (due to the sky fibres being spatially separated from the target fibres -see Paper I for more details). This was particularly noticeable for VFTS 359 and VFTS 662, which were therefore excluded from this comparison. Five stars (VFTS 033, 299, 324, 665, 888) appeared to have only a small secondary flux contribution, 4 stars (VFTS 195, 204, 351, 686) had a contribution near the 20% level and 7 stars (VFTS 017, 179, 225, 534, 723, 799, 850) had contributions between 0 and 20%. It is encouraging that VFTS 686, which had been classified as SB2 showed a significant secondary flux contribution. The comparison described above was only used as a consistency check and no attempt was made to estimate secondary flux contributions for individual systems. This was because uncertainties both observational (e.g. possible nebular emission) and in the estimated v e sin i and atmospheric parameters would have led to significant uncertainties. Rather we have presented nitrogen abundance estimates in Table 3 for the two representative cases (viz. seconary flux contributions of 0% and 20%) that were used to estimate the atmospheric parameters.
Targets with significant uncertainties in T eff
As discussed in Sect. 3.1, there were 13 targets with observed spectra which had neither observable lines from two ionization stages of silicon nor observable He ii profiles. In these cases, it was not possible to obtain reliable effective-temperature estimates and they were excluded from the analysis outlined in Sect. 3.1 to 3.6.
Failure to observe either the Si ii or Si iv features implied that both spectra are relatively weak. This will normally occur when they have a similar strength. The corresponding effective temperature will depend on both the adopted gravity and microturbulence. However, for the typical gravities and microturbulences found in our sample (see Table 3 ), it is approximately 23 000 K. This effective temperature corresponds to that for the maximum strength of the N ii spectra. As the differential of nitrogen abundance with effective temperature is then zero, this leads to such estimates being relatively insensitive to the effective temperature. Additionally for a given observed hydrogen profile, an increase in the adopted effective temperature leads to an increase in the estimated gravity (corresponding to approximately 0.1 dex in log g for a change of 1 000 K in T eff ). This decreases the sensitivity of the degree of nitrogen ionization (given in LTE by the Saha equation) to changes in effective temperature. In turn this further reduces the sensitivity of the strength of the N ii lines to changes in the atmospheric parameters.
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For example at (T eff , log g, v t ) of (23000, 4.0, 0), an equivalent width of 50 mÅ for the N ii 3995Å line implies a nitrogen abundance estimate of 7.16 dex. For atmospheric parameters of (26000, 4.3, 0) and (20000, 3.7, 0), the estimates become 7.19 dex and 7.46 dex respectively, leading to a range of approximately 0.3 dex in nitrogen abundance estimates for an effectivetemperature uncertainty of ±3 000 K.
We have therefore analysed these 13 targets assuming an effective temperature of 23 000 K. For a given target, the error in the effective-temperature estimate will depend on the S/N ratio of the spectroscopy and the other atmospheric parameters. However, for effective temperatures higher than 26 000 K, the He ii spectra would normally become observable, whilst for an effective temperature of less than 20 000 K, the Si ii spectra become relatively strong (for example at T eff =20 000 K and log g=4.0 dex, the Si ii line at 4131Å has predicted equivalent widths of approximately 35 and 50 mÅ for microturbulent velocities of 0 and 5 km s −1 respectively and an LMC silicon abundance).
A&A proofs: manuscript no. VFTS_low_vsini_binary_ref Table 4 . Nitrogen abundance estimates and projected rotational velocities for targets for which a reliable effective-temperature estimate could not be obtained. The gravity estimate is for T eff = 23 000 K and a zero microturbulence has been adopted. For convenience the spectral types (ST) are repeated from This effective-temperature range is consistent with 8 out of 13 of our targets having a spectral types of B1.5 or B2, for which the LMC effective-temperature calibration of Trundle et al. (2007) implies effective temperatures of between 21 700 and 25 700 K for luminosity classes III to V. Five of our targets have earlier spectral types and we have therefore searched for evidence of He ii features in their observed spectra. For all five stars, no evidence was found for the line at 4541Å, whilst for two stars (VFTS 342 and 719), the line at 4686Å was also not seen. Comparison with theoretical spectra then implied an effective temperature of less than 26 000 K for these two stars.
For two other stars (VFTS 162 and 501), there was marginal evidence for a feature at 4686Å and fitting this (with an appropriate gravity deduced from the hydrogen lines) implied an effective temperature of approximately 26 000 K. For the final target, VFTS 520, the He ii feature at 4686Å was more convincing implying an effective-temperature estimate of 26 500 K. Hence although not a formal error estimate, this range of effective temperatures (20 000 to 26 000 K) should be sufficient for most of our targets.
For each target, gravities could then be estimated for this range of effective temperatures, leading to nitrogen abundance estimates. These are summarised in Table 4 (for an assumed zero microturbulence) and we note that where:
1. a range of nitrogen abundance estimates is given, this explicitly includes the uncertainty in effective temperature (and hence the gravity). The adoption of a larger microturbulence (e.g. 5 km s ) would lead to a decrease in these estimates by typically less than 0.1 dex. 2. an upper limit for the nitrogen abundance is given, this corresponds to the largest estimate found within our range of effective temperatures (and corresponding gravities). The adoption of a larger microturbulence (e.g. 5 km s ) would again lead to a small decrease in these upper limits.
In summary, the analysis of these targets is less sophisticated as befits the uncertainties in estimating their effective temperatures. The nitrogen abundance estimates should therefore be treated with some caution but they provide a useful supplement to those given in Table 3 . As for the other targets, we would expect that inclusion of a contribution from the unseen secondary would again lead to an increase in the estimated nitrogen abundances of approximately 0.2 dex.
Discussion
Double-lined spectroscopic binaries
Three of our binaries (VFTS 240, 520 and 589) were classified by Evans et al. (2015) as either SB2? or SB2. VFTS 240 was excluded from the present study due to the poor quality of its spectroscopy (Sect. 3.1). During our model-atmosphere analysis, evidence was found for a secondary spectrum in VFTS 686. We discuss these stars in more detail below: VFTS 520: This was classified as B1: V (SB2?) by Evans et al. (2015) and inspection of the LR02 spectra showed evidence of a secondary in the He i lines. As the secondary would appear to be fainter this would be consistent with it having a main-sequence early-to mid-B spectral type.
VFTS 589: This was classified as B0.5 V (SB2?) by Evans et al. (2015) and in this case evidence for a secondary was apparent in its LR03 Si iii spectrum, where all the exposures were obtained at a single epoch. By contrast no evidence for a secondary was found in combined subsets of LR02 exposures obtained at a given epoch.
For all three Si iii lines near 4560 Å, a narrow absorption feature was found at approximately 1.4 Å to the red of the absorption line from the primary. Both components have a similar width (FWHM ≃ 0.87Å and 0.89 Å for the secondary and primary, respectively), implying that the projected rotational velocity of the secondary was also ≤40 km s . The equivalent widths of the secondary components were approximately 50% of those of the primary. Assuming that the equivalents widths in the individual spectra were the same would then imply a flux ratio of two or a secondary flux contribution of 33%.
Similar features are present in the O ii doublet near 4593 Å in the LR03 spectral region with strengths of approximately 25% of the primary components, implying (making the same assumption as for the silicon lines) a flux ratio of four or a secondary contribution of 20%. Additionally the He i line at 4713 Å appears to have two components although there is significant contamination from nebula emission.
For the effective temperature estimated for the primary (see Table 3 ), the Si iii equivalent widths increase with decreasing effective temperature, whilst those of O ii decrease. The relative strengths of the binary components in the silicon and oxygen spectra would then suggest that the secondary is a mainsequence star of slightly later type than the primary. In turn this would then imply a flux contamination from the secondary of approximately 25%.
The LR03 spectral range lies close to that of the B photometric band. Assuming, for example, that the secondary had a spectral type of B1.5 V, the spectral type versus magnitude calibrations of Walborn (1972) and Pecaut & Mamajek (2013) would imply a B-magnitude difference of 0.8-0.9 and a secondary flux contribution of approximately 30%, in reasonable agreement with that estimated above. Finally we note that the upper limits for the projected rotational velocities of both components would be consistent with their rotational periods being synchronised to the orbital period.
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R. Garland et al.: B-type Main-Sequence Binaries in the Tarantula Nebula VFTS 686: Evans et al. (2015) classified this target as a singlelined spectroscopic binary with a B0.7 III spectral type. During the model-atmosphere analysis, the presence of a secondary component was identified in the LR03 combined spectrum. As for VFTS 589, no evidence for a secondary was found in combined subsets of LR02 exposures obtained at different epochs. The secondary was identified in the LR03 spectrum by broad, shallow components (FWHM ≃ 2.8Å) that lay approximately 1.7Å to the red of those of the narrow-lined primary. Gaussian profiles were fitted to the absorption lines of the Si iii multiplet near 4560 Å and O ii doublet near 4593 Å, together with the He i line at 4713 Å. The equivalents widths of the secondary were approximately 50% of those of the primary, although there was considerable scatter, at least in part due to the secondary components having very small central depth (∼1-2%).
The use of a Gaussian profile to fit the broad (presumably rotationally dominated) profiles of the secondary may not be appropriate, Therefore we have repeated the fitting process assuming rotational broadened profiles. This led to broadly similar results but also provided estimates of the projected rotational velocity, v e sin i, of the secondary that were in the range 160-210 km s
Because of the difficulty of measuring the spectra of the secondary, it is not possible to come to any definitive conclusions about its nature. Possibilities include that it might have a similar spectral type to the primary but a lower luminosity class, e.g. B0.7 V or that it might have a slightly later spectral type. However, the nature of its spectrum would imply that it is has an early-B spectral type, whilst it is not possible that the rotational periods of both components are synchronised to the orbital period.
The identification of these double-lined spectroscopic binaries provides an insight into our choice of a 20% secondary flux contribution when preparing Table 3 . The results for VFTS 589 imply that narrow-lined secondaries should be identified (subject to them having a significantly different radial velocity to that of the primary at the time of observation) if they contribute more than 20% of the continuum flux. By contrast a rapidly rotating secondary might not be identified at such flux levels. Hence it is important that the results presented in Table 3 are considered as representative of the consequences of an unseen secondary and are not considered as a firm upper limit. Figure 3 shows the estimated effective temperatures and gravities (assuming zero flux contribution from the secondary) for our binary targets for which a full analysis was undertaken. The targets discussed in Sect. 3.7 and summarised in Table 4 have not been included due to the uncertainty in their effective temperatures. Also shown in Fig. 3 are an equivalent sample of presumed single targets from the VFTS analysed by Dufton et al. (in prep.) . Both analyses used a similar methodology and hence the estimates should be comparable. However, it should be noted that although designated as 'single', the sample of Dufton et al. (in prep.) may also contain some binary systems. As discussed by Dunstall et al. (2015) and Sana et al. (2013) , these will be weighted towards long-period systems which may have evolved as if they were single.
Effective temperature and surface gravity
Also shown are the evolutionary tracks and isochrones of Brott et al. (2011a) for effectively zero initial rotational velocity. These were chosen to be consistent with the observed low pro- Fig. 3 . Gravity estimates plotted against effective-temperature estimates for our binary sample listed in Table 3 (triangles), together with representative error bars. Also shown is the single-star sample discussed in Sect. 4.4.2 (crosses -some targets have been moved slightly in effective temperature or gravity in order to improve clarity). Evolutionary models (solid lines) of Brott et al. (2011a) are shown for zero initial rotational velocity together with the initial mass (in units of the solar mass). Isochrones (dashed lines) are shown for ages of 5, 10 and 20 Myr.
jected rotational velocities of our targets. However, in this part of the HR diagram, the evolutionary tracks and isochrones are relatively insensitive to the choice of initial rotational velocity as can be seen from Figs. 5 and 7 of Brott et al. (2011a) .
Assuming that the primaries of our binary targets have evolved as single systems, they would appear to have ages of between 5 and 20 Myr. As discussed above, inclusion of a flux contribution from the secondary would normally increase the estimates of both the effective temperature and gravity for the primaries. In turn this would normally decrease the age estimates. The estimated ages of our targets are consistent with their location outside regions containing the youngest stars in 30 Doradus.
Our coolest target, VFTS 662, appears to have an age of 40 to 50 Myr greater than that of the rest of the sample. The widefield F775W mosaic of 30 Dor taken with the Hubble Space Telescope (HST) in programme GO-12499 (PI: Lennon; see Sabbi et al. 2013) shows that VFTS 662 has a fainter visual companion , with photometry by Sabbi et al. (2016) implying that the companion contributes about 16% of the observed flux in our spectra. Additionally this target could have experienced interaction with its spectroscopic secondary making a comparison with single star models invalid.
The sample of presumed single stars lies in a similar part of Fig. 3 to that occupied by the binaries. In turn this leads to a similar range for their ages and masses, although the single-star sample may contain more higher-mass objects. This sample contains one relatively cool star, VFTS 273, which also appears to have an anomalously large evolutionary age estimate; further discussion of this object will be deferred to Dufton et al. (in prep.) .
In summary the single-and binary-star samples cover a similar range of atmospheric parameters making them suitable for the comparison of their nitrogen abundances as discussed in Sect. 4.4.
HR diagram
Luminosities have been estimated for the binary systems for which a full analysis was undertaken together with those for the DRAFT --DRAFT --DRAFT --DRAFT --DRAFT -A&A proofs: manuscript no. VFTS_low_vsini_binary_ref Fig. 4 . Luminosity estimates (in units of the solar luminosity) plotted against effective-temperature estimates for our binary sample in Table 3 (triangles), together with representative error bars. Also shown are the single-star sample discussed in Sect. 4.4.2 (crosses -some targets have been moved slightly in effective temperature or gravity in order to improve clarity). Evolutionary models (solid lines) of Brott et al. (2011a) are shown for zero initial rotational velocity together with the initial mass (in units of the solar mass). Isochrones (dashed lines) are shown for ages of 5, 10 and 20 Myr.
equivalent sample of presumed single targets from the VFTS discussed in Sect. 4.2. Interstellar extinctions have been estimated from observed B − V colours provided in Paper I, together with the intrinsic-colour-spectral-type calibration of Wegner (1994) plus R V = 3.5 from Doran et al. (2013) . Bolometric corrections were obtained from LMC-metallicity tlusty models (Lanz & Hubeny 2007) for the primary component, and together with an adopted distance modulus of 18 m . 5 for the LMC permitted the systemic luminosity to be estimated. For one target, VFTS 017, optical photometry was not available and we used the HST photometry of Sabbi et al. (2016) in the F555W band, together with a E(B − V) = 0.31 (average of that found for other B-type stars in VFTS) to estimate a logarithmic luminosity of 4.85 (in units of the solar luminosity). We note that this agrees well with the estimate for VFTS 534, which has similar atmospheric parameters. The estimates are listed in Table 1 .
The values for the binary sample should be treated with some caution. For example, a significant secondary contribution of the flux in the V photometric band would lead to an overestimation of the primary's luminosity. For a 20% secondary flux contribution, this would translate to an overestimate of approximately 0.1 dex. Additionally the presence of a cooler secondary could lead to an overestimation of the reddening leading in turn to an overestimation of the luminosity. However, this effect is likely to be relatively small as any secondary making a significant contribution to the total flux would have a similar colour to the primary. Given the uncertainty in the contribution of the secondary to the total luminosity, a conservative error estimate of ±0.2 dex has been adopted.
The HR diagram for both the binary and single samples is shown in Fig. 4 , together with the same evolutionary tracks and isochrones of Brott et al. (2011a) as shown in Fig. 3 . These lead to age estimates similar to those found in Sect. 4.2, with for example, the binaries having a typical age of 10 Myr. One target, VFTS 662, again has an age of more than 20 Myr. The single stars cover a similar range of age estimates. In this case, three Table 3 , with those for targets from Table 4 targets appear to have age estimates greater than 20 Myr, which would be consistent with the larger sample size.
Nitrogen abundance
General characteristics
The LMC baseline nitrogen abundance has been estimated from observations of both H ii regions (see, for example, Kurt & Dufour 1998; Garnett 1999 ) and early-type stars (see, for example, Korn et al. 2002 Korn et al. , 2005 Hunter et al. 2007; Trundle et al. 2007) . The different studies are in good agreement and imply a value of approximately 6.9 dex, which will be adopted here. Our nitrogen abundances estimates for the fully analysed binary sample (see Table 3 ) are in general similar to this baseline LMC abundance. For example, assuming no flux contribution from the secondary, four out of the five targets with specific estimates show an enhancement of less than 0.2 dex. For those targets with upper limits, eleven out of fifteen have enhancements of 0.2 dex or less (with, of course, it being possible that the other four targets also have small enhancements). The results for the targets where no reliable effective temperature could be estimated (see Table 4 ) are also compatible with relatively modest enhancements. For example, for the five stars where a range in nitrogen abundances could be estimated, three show effectively no enhancements, whilst the other two show enhancements of approximately 0.1-0.3 dex. For both samples, including a contribution from a secondary would increase the actual or possible enhancements but they would still remain relatively modest.
As discussed in Sect. 3.1, our grid of model atmospheres assumed a normal helium and hydrogen abundance ratio. The LMC evolutionary models of Brott et al. (2011a) appropriate to B-type stars indicate that even for a nitrogen enhancement of 1.0 dex (larger than that observed in our sample -see Tables 3 and  4) , the change in the helium abundance is typically only 0.03
DRAFT --DRAFT --DRAFT --DRAFT --DRAFT -R. Garland et al.: B-type Main-Sequence Binaries in the Tarantula Nebula dex. Hence our assumption of a normal helium abundance is unlikely to be a significant source of error. Both the Tarantula and FLAMES-I samples were restricted to stars with low projected rotational velocities. We would expect the majority of these stars to also have small equatorial rotational velocities for the following reasons:
1. Assuming a random distribution of axes of inclination, the probability of observing small angles of inclination (and hence small sin i) is low. For example a sin i ≤ 0.25 would only occur in approximately 3% of targets. 2. The identification of binaries will be biased towards systems with large orbital angles of inclination as this will lead to a large range in radial-velocity variations . Surmising that the axes of the orbital and rotational motions are aligned would again favour larger rotational angles of inclination.
The relatively small enhancements in the nitrogen abundances found in the two binary samples would then be consistent with the primaries having evolved as slowly rotating single stars, which have experienced little rotational mixing between the stellar core and envelope. Indeed as discussed by de Mink et al. (2009 de Mink et al. ( , 2011 , pre-interaction binaries 'may provide the most stringent test cases for single stellar models'.
For the Tarantula sample, the range of radial velocity variations for each primary, ∆v r , is listed in Table 1 . These cover a significant range from approximately 20 to 180 km s and might be expected to be amongst the most tightly bound systems. Inspection of Tables 3 and 4 indicate that (assuming the secondary contributes zero flux) four targets (VFTS 342, 501, 589, 888) have nitrogen enhancements of 0.1 dex or less; two (VFTS 299, 520) have upper limits on the nitrogen abundance of ≤7.3 dex, implying a maximum enhancement of 0.4 dex. Hence for these presumably closely bound systems, there is no evdence of substantial nitrogen abundance enhancements. This provides constraints on the combined effect of the physical processes that would lead to such enhancements. For example, it appears that these closely bound systems binaries have not yet interacted through mass transfer, consistent with the predictions by de Mink et al. (2011 Mink et al. ( , 2014 . Additionally it constrains the combined effect of any further mixing processes that may have operated. Specifically, it implies that the effects of rotationally induced mixing have been limited (de Mink et al. 2009; Brott et al. 2011b) .
We can compare our nitrogen abundances with those found for the binary VFTS supergiants analysed by McEvoy et al. (2015) . Assuming that single star evolutionary models are appropriate, these supergiants will normally have evolved from O-type main sequence stars and hence will not be the descendants of our current sample. McEvoy et al. (2015) found some tentative evidence that low (i.e. near baseline) nitrogen abundances were more prevalent in their B-type primaries. These objects may have evolved from O-type main sequence stars that are analogous to the low nitrogen abundance primaries found in our sample. Additionally McEvoy et al. (2015) identified a small number of binary supergiants with very high nitrogen abundances (∼8.0 dex) that showed evidence for being post-interaction systems.
Comparison with single stars
We plot the nitrogen abundance estimates for our binary sample as a function of effective temperature in Fig. 5 . The estimates assuming negligible flux contribution from the secondary were adopted; adopting a 20% secondary contribution would increase the estimates by typically 0.1-0.2 dex (see Table 3 ). Also shown are LMC evolutionary tracks for stars with initial masses of 8, 10 and 12 M ⊙ and an initial equatorial velocity of approximately 230 km s −1 taken from Brott et al. (2011a) . These tracks stretch from the zero age main sequence to when the model has a surface gravity, log g∼ 3.4 dex, consistent with the gravity range of our sample. As discussed in Sect. 4.2, an analysis of an equivalent sample of apparently single stars in the VFTS has been carried out by Dufton et al. (in prep.) using similar methods to those used here. These are also plotted in Fig. 5 and were selected using the same criteria as for the binary sample, i.e. v e sin i≤ 80 km s −1 and excluding supergiants discussed by McEvoy et al. (2015) .
For the binary sample, there are a significant number of stars plotted with T eff = 23 000 K. These correspond to the targets listed in Table 4 and in reality will occupy the effectivetemperature range ∼20 000-26 000 K. Additionally, many of the abundance estimates are upper limits, implying that Fig. 5 should be interpreted carefully.
Nine targets (5 binaries, 4 'single' stars) appear to have nitrogen abundances that are 0.1-0.3 dex below the adopted baseline abundance; this may simply be due to random uncertainties, estimated in Sect. 3.6 as being of the order of 0.2-0.3 dex. Additionally, Table 3 implies that inclusion of a secondary flux would increase our estimates by 0.1-0.2 dex. Indeed the same effect could be affecting our single-star estimates if there were undiscovered binaries. Hence we do not believe that these stars stars provide any convincing evidence for nitrogen abundances that are truly below our adopted baseline.
Both samples appear to contain significant numbers of stars that have nitrogen abundance estimates close to the assumed baseline abundance of the LMC. Additionally, targets with modest nitrogen enhancements (≤ 0.5 dex) are also observed. As discussed in Sect 4.4.1, this would be compatible with their evolution as slowly rotating stars with little rotational mixing. One possible difference between the samples is that the single-star sample may contain targets with larger nitrogen abundance enhancements (of up to 1.1 dex). For example, four single stars have estimated abundances that are greater than both the detections and even the highest upper limit found in the binary sample. Such targets have also been found in other presumably singlestar samples in the Magellanic Cloud (Hunter et al. , 2009 Trundle et al. 2007 ).
The single-star sample consists of 54 targets of which six have nitrogen enhancements of more than 0.6 dex. As discussed in Sect. 4.2, it contains more high mass and hence high effective temperature targets. In particular it has 9 targets that have effective temperatures, T eff >29 000 K, which is the maximum temperature of the binary sample. Two of these targets show nitrogen enhancements of more than 0.6 dex, leaving 4 (out of 45) targets with significantly enhanced nitrogen in the effective temperature range covered by the binaries. Hence the lack of such objects in the binary sample may at least in part be due the different effective temperature ranges that have been sampled. To examine more rigorously the possible differences between binary and single-star samples requires statistical tools. Standard tests for comparing two univariate samples, such as the Kolmogorov-Smirnov and Kuiper tests, are ill-suited to our nitrogen abundance datasets because of the large numbers of upper limits (15/20 and 30/54 for the binary and single-star samples, respectively). However, alternative tools exist for treating DRAFT --DRAFT --DRAFT --DRAFT --DRAFT -A&A proofs: manuscript no. VFTS_low_vsini_binary_ref data that are randomly censored.
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To the extent that detections and limits are intermingled, our abundance results can be approximated as randomly censored datasets (as opposed to being truncated, whereby all detections would lie above a lower-limit cutoff).
We have used the asurv package (v1.2; LaValley et al. 1992), which implements several tests for censored data, to investigate whether the null hypothesis of no differences between the binary and single-star samples can be rejected with appropriate levels of confidence. Results are given in Table 5 for both secondary flux contributions of 0% and 20%. The two-sample (Wilcoxon & logrank) tests are nonparametric comparisons of the distributions, and are moderately insensitive to the details of the censoring (see, e.g., Feigelson & Nelson 1985) . None provides any strong evidence for differences between results for the binary and single-star samples, particularly if a modest secondary-flux contribution is accounted for.
The Kaplan-Meier estimator, used to estimate the means of the distributions, is more sensitively dependent on the assumption of truly random censoring. Given this dependence, our interpretation of the results in Table 5 is again that there is no compelling evidence for any overall differences in the single-star and binary nitrogen abundances.
In Sect. 3.6, the He i line at 4009Å was found to be consistent with secondary flux contribution of between 0 and 20% for the binary sample. Hence we would expect that the use of actual nitrogen abundances (rather than our representative estimates) for the primaries in our binary sample would have led to similar results to those found in Table 5 .
As discussed above, the single star sample contains stars with high effective temperatures (>29 000 K) that are not present in the binary sample. We have therefore repeated these tests for those targets within the range, 26 000≤T eff ≤29 000 K; the choice of a limited range of effective temperatures should also lead to the two samples having similar ages and masses. For the binary sample, this lead to 14 targets (11 having upper limits for the nitrogen abundance ) for a zero secondary flux contribution and 11 targets (and 7 upper limits) for a 20% contribution. For the single star sample, there were 18 targets with 11 upper limits.
The statistical tests are again summarized in Table 5 and in general show no evidence of any difference between the two samples. Indeed the probabilities that the two parent distributions are indistinguishable have increased at least in part due to the smaller sample sizes. Additionally the estimated mean nitrogen abundances of the two samples again show no significant differences.
Therefore we conclude that the statistical tests are consistent with the null hypothesis (that there are no differences between the binary and single-star samples), although in some cases the probabilities listed in Table 5 are relatively small. Indeed Fig. 5 does imply an absence of targets with high nitrogen abundances in the binary sample. As discussed in Sect. 4.4.1, this would be consistent with them having evolved as effectively single stars with low rotational velocities.
The relatively large nitrogen abundances in some of the single stars could then arise from rapidly rotating stars viewed at 2 'Randomly censored' implies that the probability of the measurement of a given target being an upper limit is independent of the actual value. This may not always be the case here as we would expect to preferentially obtain estimates for targets with large nitrogen abundances. Many of the techniques for characterizing such data were originally developed principally in the field of 'survival statistics', and were first introduced to the astrophysics community by Feigelson & Nelson (1985) and by Schmitt (1985) . low angles of incidence. However such viewing angles are unlikely (for example, a value of sin i ≤ 0.1 will only occur in 0.5% of targets with randomly aligned rotation axes). This has lead other authors Brott et al. 2011b; Grin et al. 2016) to question whether all the low-v e sin i single stars with high nitrogen abundances found in other single-star samples can be rapid rotators viewed at low angles of incidence. Indeed other mechanisms (for example, binary mergers, see de Mink et al. 2014 ) may also be required and this will be considered in detail in Dufton et al. (in prep.) .
The binaries discussed here, together with those for the VFTS binary supergiants discussed by McEvoy et al. (2015) are the first significant binary samples to be analysed using model atmosphere techniques. As such they should be considered as pathfinder analyses especially given the difficulty, for example, in allowing for the spectral contributions of unseen secondaries. They should provide a motivation for spectroscopic abundance analysis of larger samples of binary stars, especially given binaries dominate the massive star population (Sana et al. 2012 ).
DRAFT --DRAFT --DRAFT --DRAFT --DRAFT -R. Garland et al.: B-type Main-Sequence Binaries in the Tarantula Nebula Table 5 . Statistical comparisons of the binary and single-star samples. The first four entries (Wilcoxon and logrank tests) give the probabilities that the censored single-star and binary distributions of nitrogen abundances are indistinguishable, for two assumed values of the secondary's flux contribution to the binary-star spectra. The last two entries give the mean abundances evaluated using the Kaplan-Meier estimator (see Sect. 4.4.2 for details). The 'Full' sample is taken from Markova Simón-Díaz et al. 2010; Fraser et al. 2010; Simón-Díaz & Herrero 2014; Simón-Díaz et al. 2017) .
As discussed by Simón-Díaz & Herrero (2007) the FT method should be able to explicitly separate the rotational broadening from other broadening such as natural, instrumental and natural. The approach relies on the convolution theorem (Gray 2005) , viz. that the Fourier transform of convolved functions is proportional to the product of their individual Fourier Transforms. It then identifies the first minimum in the Fourier transform for a spectral line, which is assumed to be the first zero in the Fourier transform of the rotational broadening profile with the other broadening mechanisms exhibiting either no minima or only minima at higher frequencies. Further details on the implementation of this methodology can be found in Simón-Díaz & Herrero (2007) and paper II.
These estimates were supplemented by fitting rotational broadened profiles directly to the observed spectra. As this approach neglects the contribution of the intrinsic line profile and the instrumental profile, it effectively provides an upper limit (see Paper II for a detailed discussion and comparison of the different approaches) and is used here solely as a consistency check.
Two sets of absorption lines were used, which were identical to those adopted in Paper II. For targets with relatively low projected rotational velocities (v e sin i < ∼ 150 km s −1 ), metal and non-diffuse He i were adopted; for other targets, both non-diffuse and diffuse He i lines were used. Further details and comparison of results estimated from the two sets of lines can be found in Paper II.
In Tables 2 and 3 (only available online), the estimates from the individual lines are listed for all the non-supergiant targets that are believed to be the primaries of binary systems -these Tables have an identical format to those of Tables 3 and 4 of Paper II, where again further details can be found 3 . 3 Projected rotational velocities are also listed for 16 additional targets that were excluded from Paper II as at that time they were believed to be binaries but have subsequently been designated as 'single'. Additionally estimates for 7 targets that are now designated as binaries have been given previously in Paper II.
